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sewage was simply macerated and discharged via a 
short-sea outfall on the ebb tide. The results taken for
approximately a year before and after installation are
shown in Table 1.
Two features are immediately obvious. First, the
overall effect in year one was to reduce the average coli-
form numbers to below the EU Directive of 2000 E. coli
per 100 ml, but not below the proposed value of 500 
E. coli per 100 ml. Second, there was much less effect in
winter. This is probably because there are many more
birds at Morecambe North in winter and less bacterial
die-off at lower temperatures and in low sunlight.
The effects on the compliance of Morecambe’s three
bathing waters with the Bathing Water Directive were
dramatic.
Prior to the installation of secondary sewage treatment
none had passed the Directive. In the year after, two of the
three passed. In the subsequent year there was a failure,
but not the same one as in the previous year. The next,
they all passed. Since then there have been sporadic
failures, including Heysham in 2003. It is usually not
clear why the sporadic failures occur and the accompany-
ing bad publicity is not good for tourism.
In the 1990s it was realized that sewage treatment may
not be the sole answer to cleaning up the UK’s bathing
waters and that diffuse sources (so-called non-point
sources) may be important, especially when there 
are sporadic failures in compliance. Diffuse sources
include run-off from agricultural land (cattle and sheep 
faeces), run-off from roads (dog faeces) and wild animals,
including birds. This stimulated an interest in finding
ways to track the origins of the faecal pollution reaching
the UK’s beaches. A number of methods have been tried,
ranging from the Environment Agency’s use of painted
cucumbers, to mimic the floatation characteristics of
faeces from sheep grazing on salt marshes, to the release
of genetically engineered bacteriophage.
B. Use of E. coli in pollution source tracking
At Lancaster University we decided to concentrate on
methods involving E. coli, largely because we wanted to
exploit the immense know-how the water industry has
built up over the years*.
Initially we thought we might be able to work with
phenotypes of E. coli. This involved isolating a range of 
E. coli from bathing waters, purifying them, obtaining
phenotypic, biochemical profiles using API 20E
(bioMérieux) and comparing them with isolates from
cattle, sheep, birds and humans. Indeed, we found 
that there were relatively few E. coli phenotypes in the
bathing waters and that the dominant phenotype was
common in birds, particularly gulls and oystercatchers.
Unfortunately, the same phenotype was also found in
humans, cattle and sheep, although it was not dominant.
Most importantly, it was only a minor component 
in the effluent from waste water treatment works
(WWTWs). We concluded that while E. coli is an
excellent indicator of faecal pollution, it is poorly suited
to tracing the source of that pollution, at least when
using conventional methods. We decided, therefore, to
investigate a more discriminatory method using
genotyping of E. coli.
We developed a DNA-based typing scheme with 
E. coli that can be used to (1) identify individual geno-
types and (2) identify animal/human sources.
E. coli were isolated from bathing waters and a variety
of sources with the potential for polluting bathing
waters:
Effluents from WWTWs, humans
Cattle, sheep, beach donkeys, wild birds, dogs
Ribble estuary, tributary rivers
Fylde bathing waters at Blackpool and St Annes
Genotypes (DNA fingerprints) from each source were
matched with those from each of the bathing waters. The
genotyping procedure is presented in Fig. 3.
The results show that each bathing water is dominated
by only three or four clades of E. coli, for example, at 
St Annes (Fig. 4).
We can also show that genotyping reveals the relation-
ships between sites, for example, major clades at St
Annes are less common in Blackpool South and least
common at Blackpool central (Fig. 5).
Recently we used genotyping to investigate whether
oystercatchers’ faeces are responsible for the high
numbers of E. coli found in mussels growing in More-
cambe Bay. We already know that most Campylobacter
found in mussels comes from wild birds and the results 
in Fig. 6 show that at least 50 % of the E. coli also come
from oystercatchers and not, as previously assumed,
sewage.
OPPOSITE PAGE TOP:
Fig. 1 CHROMagar ECC selective
agar showing a mixture of E. coli
(blue) and non-E. coli coliforms
(red).
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Fig. 2. Masahiro Aoki (Hiro), 
a Japanese MSc student who
worked on the DNA fingerprinting
of E. coli in mussels,
oystercatchers and seawater,
taking samples at Morecambe.
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Fig. 3. DNA banding patterns
from E. coli isolates. DNA was
extracted from isolates and small
sections were PCR-amplified
before size separation by
electrophoresis, producing a
pattern for isolate. Using
sophisticated computer analysis,
bands of similar patterns are
grouped into related groups
(clades) with similar patterns. Each
clade is made up of closely related
E. coli genotypes
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Fig. 4. Clade composition of 
E. coli isolated from St Annes,
Blackpool. Bathing waters are
dominated by only three or four
clades of E. coli.
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 E. coli as an indicator of faecal pollution
E. coli is found in the intestine of all warm-blooded
animals and is voided in large numbers in faeces.
Therefore, when faecal contamination is suspected it
should be possible to isolate E. coli. In other words, E. coli
acts as an indicator of faecal contamination.
It does this in two main ways.
First, because its density (number of bacteria per
100 ml water) is proportional to the amount of pollution,
it acts as a quantitative indicator of faecal pollution.
Second, it serves as a surrogate for the presence of
pathogenic micro-organisms, e.g., Salmonella, Campylo-
bacter, E. coli O157:H7, Cryptosporidium, Giardia and
enteroviruses, which are present in faeces but in such 
low numbers that they are difficult and expensive to
detect. As an indicator, E. coli should be found when-
ever pathogens are present and survive for as long as the
hardiest pathogen.
Additionally, the tests for indicators need to be
inexpensive, robust, sensitive, technically easy and work
in all types of water. This is exemplified by E. coli which
uses a selective medium and incubation at 44 °C. The
selective isolation medium, containing peptone, lactose,
bile salts and a pH indicator is familiar to anyone who has
done microbiology. The lactose provides a substrate for
fermentation to lactic acid that changes the colour of a
pH indicator and the bile salts select for bacteria adapted
to an intestinal habitat. There is a range of selective
media for isolating and identifying E. coli. One such,
developed by CHROMagar, is shown in Fig. 1.
 E. coli microbial standards
E. coli has been used as an indicator of faecal pollution for
over 100 years. Indeed, its use is so widespread that it is
enshrined in EU and World Health Organization
standards for the safe limits of E. coli in foods, drinking
water and bathing waters.
(a) Drinking water. There should be no E. coli in drinking
water. When E. coli is found during routine monitoring,
boil water advisory notices are issued until the problem is
solved.
(b) Bathing waters. The current EU Bathing Water
Directive (1976) says that there should be no more 
than 2000 faecal coliforms (this in reality means E. coli
of animal origin) in 100 ml bathing water. A more
stringent Directive of 500 E. coli per 100 ml water is
currently under discussion in the EU parliament and, as
suggested in an article in the November 2002 issue of
Microbiology Today, and this has implications for future
compliance of the UK’s bathing waters.
(c) Food. The Health Protection Agency guidelines 
for the microbiological quality of ready-to-eat foods,
fresh fruit, vegetables and salad vegetables have three 
categories for the presence of E. coli (number per gram):
satisfactory, <20; acceptible, 20–<100; unsatisfactory,
>100.
 The use of faecal coliform (E. coli) counts in
Morecambe Bay bathing waters
This is an illustration of how E. coli can be used as both 
an indicator of pollution levels and to track the source of
that pollution. 
A. Testing water quality 
At Lancaster University we were involved in the micro-
bial testing of bathing waters at three beaches in More-
cambe Bay. One investigation was to quantify the effects
of the installation of secondary sewage treatment and a
long sea outfall on water quality. Prior to that installation,
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Much of the publicity
surrounding E. coli
is concerned with
death and disease.
However, for applied
and environmental
microbiologists,
such as those
involved in the water
industry, E. coli is
regarded as an
extremely useful
tool.
Table 1. The effect of installation of a secondary sewage treatment 
and a long sea outfall on E. colinumbers (per 100 ml sea water) at
Morecambe North
New treatment works n* No. of E. coli
(a) During the bathing season Before 30 2535
After 30 908
(b) Non-bathing season Before 60 4004
After 42 3565
*n, Number of triplicate samples.
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So, what can we conclude from our use of a DNA
fingerprinting genotyping to trace E. coli in the aquatic
environment?
Groups of genotypes are associated with particular
animal sources.
Bathing waters contain E. coli from human,
agricultural run-off and wild bird sources.
The proportions of genotypes from a particular
source are different in every bathing water.
Genotyping is able to identify which, and in what
proportion, animal or human sources contribute to
faecal pollution.
Genotyping is able to distinguish E. coli strains
better than conventional techniques.
 It can, therefore, assist in tracing the source.
The phenotypes and genotypes of all the E. coli isolates
from all sources and the bathing waters are put onto a
reference computer database to form a library. Thereafter,
when bathing waters fail the EU Directive, E. coli can be
isolated from the positive faecal coliform counts,
genotyped and compared with the library strains with a
view to tracking the source of the pollution. 
Research on pollution source tracking using a variety
of genotype-based molecular methods with E. coli and
other bacteria is being done by microbiologists in several
countries and the pros and cons of particular methods can
be accessed from the further reading section.
 E. coli as a sensor
As is readily apparent from other articles in this issue 
of Microbiology Today, E. coli is a pre-eminent tool for
molecular biology, biotechnology and bioengineering.
In environmental microbiology, E. coli has been
modified to respond to a variety of stimuli by switching
on genes (reporter genes) that make them easily
detectable. Such strains tend to be used to detect
particular chemicals or to track bacteria in the environ-
ment. For example, E. coli, engineered to contain
luciferase genes, is able to luminesce and will ‘light up’
quantitatively in response to different concentrations of
particular pollutants. E. coli cells, labelled with GFP
(green fluorescent protein), can be detected as individual
bacteria in biofilms and even within grazing protozoa
(Fig. 8).
The use of E. coli as a tool in the ways described above is
not of course restricted to environmental microbiology.
It is used in industry, particularly the food industry, not
only to detect contamination and spoilage, but also as a
means of tracking the source of that contamination.
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RIGHT:
Fig. 5. Genotyping reveals
relationships between Fylde coast
bathing waters. Major clades found
at St Annes are less common at
Blackpool South and least common
at Blackpool Central. Clades:  ,
9.1;  , 7;  , 14.
LOWER RIGHT:
Fig. 6. Distribution of 
E. coli genotypes (clades) in
oystercatchers ( ), mussels ( )
and seawater ( ) in Morecambe
Bay.
TOP OF PAGE:
Fig. 7. Oystercatchers 
at Heysham.
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Fig. 8. GFP–E. coli cells inside 
a protozoan food vacuole.
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